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In an earlier work we showed that mixtures of higher fatty acids of vegetable origin affect the range of properties of vulcanisates in almost the same way as a saturated acid (stearic acid) (Refs. 3, 4). However, opinions are not unanimous regarding the effect of the degree of unsaturation of fatty acids on the properties of rubber compounds and vulcanisates. We have investigated the effect of double bonds in fatty acids on the properties of vulcanisates that contain them. For this purpose we prepared model mixtures of saturated stearic acid and unsaturated oleic acid with different proportions by weight. For the mixtures obtained, we determined the iodine number ( Table 1) , which characterises their degree of unsaturation.
The model mixtures of fatty acids were tested in a recipe of a rubber compound for the tread of car radial tyres based on SKMS-30ARKM-15 rubber. The rubber compound has the following ingredients (parts by weight): SKMS-30ARKM-15 (100), industrial-grade sulphur (2.1), sulphenamide Ts (1.5), Santogard PVI (0.2), zinc white (3.0), pine rosin (2.0), Diaphene FP (1.5), acetoneanil R (1.0), protective wax ZVP (1.0), petroleum plasticiser -oil PN-6 (3.0), carbon black P245 (60.0), fatty acid or mixture of fatty acids (2.0). The rubber compounds were prepared in a laboratory mill and were vulcanised in an electrically heated press at 155°C for 25 min. The vulcanisation kinetics was studied on a Monsanto vibrorheometer at 155°C.
The relations for the viscosity, plasticity and elastic recovery of the raw rubbers as functions of the degree of unsaturation of the fatty acids are of an extremal character. The maximum on the plasticity curve and the minima on the curves of viscosity and elastic recovery correspond to rubbers based on a mixture of acids containing 40 wt.% stearic acid and 60 wt.% oleic acid. Rubbers based on the individual acids have identical values of the rheological properties. The observed synergistic effect seems to be associated with differences in the effect of saturated and unsaturated acids on the parameters investigated. A similar effect was observed (Ref. 5) in a study of the effect of fatty acids and their methyl esters (saturated stearic acid and unsaturated linoleic acid (containing two double bonds)) on the process of crystallisation of isoprene rubber (SPI). Stearic acid and methylstearate accelerated the process of crystallisation of SPI, whereas linoleic acid and methyllinoleate caused its retardation. A study of the kinetics of vulcanisation of rubber compounds based on acids with different degree of unsaturation established an identical relationship. With a weight ratio of stearic and oleic acids of (1.0:1.5), the rate of vulcanisation of rubber compounds containing them is higher than when the individual acids are used.
The static physico-mechanical properties of vulcanisates containing both the individual acids and mixtures of them are practically identical. The relation for the fatigue life of the vulcanisates in repeated extension, which characterises the dynamic properties of the vulcanisates, as a function of the degree of unsaturation of the acids, is also of an extremal character, with a maximum corresponding to a mixture of acids with the same degree of unsaturation. A similar relationship was found in a study of the fatigue life of vulcanisates in the presence of surfactants (Ref. 6).
Thus, it was established that the static physicomechanical properties of the vulcanisates, using the individual acids or mixtures of them, are practically identical and are independent of their nature.
However, in a study of the rheological, vulcanisation and dynamic properties of rubber compounds and vulcanisates based on SKMS-30ARKM-15 in the presence of a mixture of stearic and oleic acids, containing 60 wt.% of oleic acid, a synergistic effect was detected.
